The fluorescence emission from fluoroquinolones is shown to be associated with the substituted quinoline portion of the molecule. Neutral, anionic, zwitterionic and cationic forms of the fluorophore are proposed to account for the fluorescent behavior in aqueous and organic media of different acidities. In aqueous solution a ground-state pKa was observed for NFX and CPFX from a study of the pH vs. fluorescence profile with excitation at 331nm. The ground-state microscopic dissociation constants for NFX or CPFX were determined, explained the causes of fluorescence changing. The optimum conditions for the fluorimetric determination of NFX , CPFX are an acidic medium (pH=24.0) withX 280nm or 331nm and445nm.
Numerous procedures for the determination of some fluoroquinolones based on fluorimetry have been presented. "2 A few of methods reported were based on what was considered to be the native fluorescence of these compounds, but the conditions of measurement used strongly suggest the fluorescent behavior of these compounds changed dramatically with the acidity of the solution. The experimental results have shown that the fluorescence of some fluoroquinolones were maximum in acidic media.
The fluoroquinolone derivatives norfloxacin [1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-quinoline carboxylic acid], ciprofloxacin [1-cyclopropyl-6fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-quinoline carboxylic acid],are used as broad spectrum antibacterial. 3, 4 It is generally agreed that the fluorescence emission at approximately 440nm should be measured in acidic solution, but the nature of the fluorescing species in organic and aqueous media and the detailed pH fluorescence profile have not been reported. In this paper, a detailed study and analysis of the pH/fluorescence behavior of two fluoroquinolones are presented. The fluorescent properties of these compounds are particularly interesting because their emission peak position and emission intensity change with the acidity. The differences of the excitation peak and emission peak of these compounds have been studied extensively in aqueous and organic media in order to increase their sensitivity and selectivity of analytical methods.
The absorption spectra were recorded on a UV-941 spectrophotometer (Kontron Instrument) with a 1.OOcm quartz cuvettes (as above). Values of pH were measured with a model of digital display pH meter (Wuhan Precision Instrument Corp., China).
Reagents
Analytic-reagent grade chemicals were used, solution were prepared in doubly distilled water.
Norfloxacin (NFX), ciprofloxacin (CPFX) were obtained from Medicine and Bioproducts Test Institute of Health Ministry. Stock solutions of 1 mg/ml NFX, CPFX solution were prepared in .0.1 moIIL sodium hydroxide and stored in a refrigerator (<4°C). NFX, CPFX (lx 10' 4mol/L) in ethanol was freshly prepared . The buffer solutions used were 0.2 mol/L Na2HP04-Citrate and 0.05 mol/L Na2B407-HB03.
Procedures
To a lOml test tube, known amounts of NFX or CPFX and the buffer solution were added sequentially. The volume was diluted to lOml with doubly distilled water, mixed well, and allowed to stand for 5 min at 25 °C. The relative fluorescence intensity and the fluorescence spectra were measured. The absorption spectra was recorded on a UV-941 spectrophotometer. The fluorescence spectra of NFX or CPFX in various organic media were measured through fixed amounts of NFX or CPFX (2.Ox 10'6mol/L).
Results and Discussion Experimental

Apparatus
The fluorescence spectra were recorded on a SMF-25 spectrofluorimeter (Kontron Instrument) using a 1.OOcm quartz cuvettes equipped with a thermostat cell housing.
The effect of pH on the characteristic o f f luoreseenee and UV spectra NFX or CPFX shows fluorescence at all pH values ( Fig. 1 ). However, the exact pH vs. fluorescence intensity relationship depends on the wavelength of emission. The 78 ANALYTICAL SCIENCES VOL.13 SUPPLEMENT 1997 excitation peaks of NFX or CPFX are ca. 280nm, 33 mm without changing at all pH values, but its emission peaks change from 445nm to 410nm with the acidity of solution, meanwhile the maximum emission intensity decrease dramatically. The norfloxacin and ciprofloxacin are an amphoteric molecule possessing two major ionizable groups, a basic piperazin amine . and acidic carboxyl. Two pKa values of approximately 6.30 and 8.30 have been determined for NFX 5 corresponding to above two major ionizable groups. So the predominant form of the compound is the protonated form in the pH range 25.5 yet the fluorescence observed at ca. Xex/?em 331/445nm is still character of the ionized compounds. In pH values range 6.57.0 the predominant form of NFX is the zwitterions or neutral form; the fluorescence observed is characteristic of the zwitterions or neutral compounds at ca. ?em 445nm (ex =331) because the isoelectric point value of NFX is 7.30. The emission band of NFX moves to 410nm, but the excitation band of NFX does not vary mostly while in alkaline solution, its fluorescence intensity is no more than 10% of the former.
It may be seen that the spectrum of NFX or CPFX exhibits two peaks at ca. 280nm and the range of 320'-332nm band, the intensity and position of these peaks vary upon changing the pH of solution in Fig2. With increasing the pH of solution, the position of peaks at ca. 280nm has a slight blue shift, but no moving at 320-334nm band, the intensity of peaks initial increase gradually, then decrease. These results showed that the absorbance of a molecular may be affected by its ionization.
Determination of macroscopic and microscopic dissolution constants
The fluorescence spectrum of two compounds shifts with pH, so the change in fluorescence with pH may be used to determine the pKa values. Fig.3 shows pH vs. fluorescence intensity profiles for NFX or CPFX at the two different emission wavelengths. Emission at 442nm, corresponding to the protonated compound, gives in the pH region (2-12). The inflection point in the pH vs. fluorescence intensity with ~ex =33 mm (Fig.3) gives a value of 6.4 for pKa1 in agreement with literature values. Examination of the corresponding curve for ?.em =410nm shows this also to be draw out as expected values of 8.45, the best fit of a model based on the ground-state macroscopic association constants to the experimental data. so It is clear from this scheme that there are four species, H2Q+, HQ°,H+Q' and Q' in the molecular, and therefore expected to show fluorescence. The measured fluorescence, F, can be expressed by the following equation 6 :
F=(QC +eC +QQ
where ; and C are the molar absorptivity, quantum efficiency and concentration of the subscripted species, respectively, and k, 1 , Io are the instrument constant, path-length and excitation intensity, respectively. The concentrations of CH~Q ., CHQO, CH.Q_and CQ_ may be expressed in terms of the total NFX or CPFX concentration, CT, and macroscopic dissociation constants describing the equilibrium in solution. Making these substitutions gives
(1) As the intermolecular migration of proton is fast ,and the ionizable groups of molecular are quite separated form its sites it is not unreasonable to take the corresponding e and 1 values for each species as equal.
The proton-binding ability of an individual functional group is described by the microscopic constants (kll, k12, k21, and k22) in scheme 1, which are related to the microscopic constants by Eqn. 2 and 3. K1 = k11 + k21
(2) 1/K2 =1/k12 + 1/k22
(3) The Eqn. l may be stated as follow by combing Eqn. l with 2. Since the ionizable groups on NFX or CPFX spatially separated, it is reasonable to assume that the charge on the functional group will not significantly affect the dissociation constant of the other ionizable function. Evidence for this assumption was obtained from the pKa value of nalidixic acid, which constants only the carboxylic acid group. Therefore, may be stated that k1 1=k22 and k21=k12, making it possible to solve for the values of k11 and k12 through rearrangement of Egn.2 and 3. k122 -K1k12 + K1K2 = 0 (5) The value for k12 can be determined using the macroscopic dissociation constants and solving the quadratic Eqn. 5 . The value for k11 can then be calculated from the relationship: k11=K1K2/k12 (6) The resulting values for k11 and k12 are equivalent to the macroscopic K2 and K1 values, respectively, Since the k11 value describes the dissociation of carboxylic acid proton. There, the microscopic dissociation constants of two fluoroquinolones in the ground-state are listed in Table 1 .
Fluorescence in organic media
The fluorescence of NFX or CPFX in organic media is listed in Table 2 . Table 2 shows that the effect of alcoholic solvents on the fluorescence can not be explained by the Lippert equation of the general solvent effect because those solvents can be attributed to intermolecular H-bound formation with two fluoroginolones. From the view of the ability of H-bound form cation and the polarity of the solvents, the fluorescence emission in peak shifts slightly to long-wave in varying degrees. The fluorescence of NFX or CPFX is quenched in acetone and DMF media, its absorp emission energy.
Below pH 1, a fluorescence band at 430nm in ethanol begins to move to long-wavelength with increasing Table 1 Microscopic dissociation constants of two fluoroquinolones amounts of 6 mol/L hydrochloric acid. When the acid concentration increased to 0.6 mol/L, the fluorescent emission peak shift to 445 nm fluorescent intensity decreased to 10% of the former (Fig.4) ; but the excitation spectrum is unaffected by all these changes in conditions and remains at 279nm and 330-320nm.
C. l x 102mol/L NaOH; d. 0.01 mol/L BC!; e. 0.6mo1/L BC!. The fluorescence spectra were observed in ethanol media with addition of 0.1 mol/L NaOH, the emission peak and the excitation peak are those at 410 nm and 279 nm and 332nm, respectively (Fig. 4) . Table 2 The fluorescence of NFX or CPFX affected by organic solvent Fig. 4 Excitation and emission specctra of NFX in ethanol at different conditions. a. No HCl or NaOH; b. I x 10"4mol/L NaOH;
